Introduction
============

The annual incidence of head and neck cancer (HNC) is estimated to be between 400,000 and 600,000 new cases, and the mortality rate is between 223,000 and 300,000 deaths per year ([@b1-ijo-51-05-1471]). In Japan, the number of patients affected by HNC was above 24,000 in 2012, and has gradually increased every year ([@b2-ijo-51-05-1471]). Surgery, radiotherapy, chemotherapy and radio-chemotherapy are major therapies in HNC. The combination of 5-fluorouracil (5-FU) and cisplatin (CDDP) (FP treatment) is most frequently used in unresectable recurrent and distant metastatic cases ([@b3-ijo-51-05-1471]--[@b6-ijo-51-05-1471]). In addition, a synergetic effect of FP treatment combined with anti-epidermal growth factor receptor (EGFR) antibody, cetuximab, has been reported. It was thus demonstrated that cetuximab plus platinum-fluorouracil chemotherapy prolonged both overall survival and progression-free survival as compared with FP therapy alone ([@b7-ijo-51-05-1471]). Despite improvement of the clinical effects, recurrence and distant metastasis occurred in 30 and 25% of the patients, respectively, and resistance to CDDP was seen in some of the patients ([@b6-ijo-51-05-1471],[@b8-ijo-51-05-1471]--[@b10-ijo-51-05-1471]). The 5-year survival rate was less than 50% in advanced cases ([@b6-ijo-51-05-1471],[@b8-ijo-51-05-1471]). Therefore, development of novel therapies are needed.

Chemical drugs are known to not only have direct killing effects on cancer cells but also to sensitize the target cells to cytotoxic T-lymphocytes (CTL) and favorably modulate the immune system ([@b11-ijo-51-05-1471]--[@b14-ijo-51-05-1471]). For example, it has been shown that 5-FU upregulates the expression of tumor antigens, HLA-class I molecules, or FAS, on the surface of target cells such as cell lines derived from breast carcinoma ([@b15-ijo-51-05-1471]), colon carcinoma ([@b16-ijo-51-05-1471],[@b17-ijo-51-05-1471]), melanoma ([@b18-ijo-51-05-1471]) and oral squamous cell carcinoma (OSCC) ([@b19-ijo-51-05-1471]), which results in enhancement of the killing activity by tumor antigen-specific CTL toward these tumor cells. The platinum-based drugs cisplatin, carboplatin, and oxaliplatin enhance engulfment of the apoptotic tumor cells by dendritic cells (DCs) through calreticulin exposed on the plasma membrane of the apoptotic tumor cells ([@b20-ijo-51-05-1471]), and ATP released from dying tumor cells promotes chemo-attractive recruitment of DCs to tumor sites ([@b21-ijo-51-05-1471]), and activation and crosspresentation of DCs by recognition of high-mobility group protein box-1 (HMGB-1) with toll like receptor 4 (TLR4) on the DCs ([@b22-ijo-51-05-1471]). Moreover, it has been demonstrated that paclitaxel, cisplatin, and doxorubicin enhance tumor cell susceptibility to CTL-mediated killing, which is mediated via upregulation of mannose-6-phosphate receptors on the surface of tumor cells ([@b23-ijo-51-05-1471]). Furthermore, several drugs have been reported to cause a reduction of immunosuppressive cells such as regulatory T-cells (Tregs), M2 macrophages and myeloid-derived suppressive cells (MDSCs) ([@b14-ijo-51-05-1471]). Therefore, it is likely that continuous immune responses, induced by chemotherapy, to cancer are related to long durable responses. Thus, the development of combined therapies with chemical drugs and immunotherapies for many types of advanced cancers have become recent, challenging issues ([@b24-ijo-51-05-1471]).

In our hospital, adoptive immunotherapy using T-cells activated by autologous cancer tissue has been conducted in the past decade for several types of advanced cancers, including HNC, and has shown objective responses in 3 of 10 patients with HNC, including 2 complete remissions ([@b25-ijo-51-05-1471]). Based on these studies, we are attempting to obtain basic research data that can be utilized in development of combined immunotherapy with T-cell infusion and chemical drugs in advanced HNC, especially in CDDP-resistant cases and in physically weak patients who cannot withstand strong drug side effects. We investigated in this study the influence of FP treatment on T-cell functions such as proliferation, cytokine release response and cytotoxicity *in vitro* using cytomegalovirus (CMV) pp65 antigen-specific cytotoxic T-lymphocytes (CMVpp65-CTLs). The main reason why we used CMVpp65-CTLs instead of tumor specific-CTLs is that it is very difficult to prepare enough tumor specific-CTLs for study. However, it is reliable to use CMVpp65-CTLs in an *in vitro* model like the one in this study because it is easy to prepare enough CMVpp65-CTLs in one batch, and, in general, the molecular mechanisms involved in killing target cells by the virus-CTLs, including CMVpp65-CTLs, are the same as those used by tumor specific-CTLs ([@b26-ijo-51-05-1471]--[@b28-ijo-51-05-1471]).

Materials and methods
=====================

Antibodies, MHC-tetramers and flow cytometry
--------------------------------------------

PerCP-conjugated anti-CD8 monoclonal antibody (mAb) was purchased from eBioscience Inc. (San Diego, CA, USA). Allophycocyanin (APC)-conjugated HLA-A\*24:02 CMV pp65 tetramer-QYDPVAALF, APC-conjugated HLA-A\*02:01 CMV pp65 tetramer-NLVPMVATV, FITC-conjugated anti-HLA-A2 mAb and FITC-conjugated anti HLA-A24 mAb were purchased from MBL Co. (Nagoya, Japan). For intracellular IFN-γ staining, the induced CMVpp65-CTLs were co-cultured with or without the cognate CMVpp65 synthetic peptides at 37°C in 5% CO~2~ for 2 h in the presence of 1 *µ*g/ml brefeldin A (BD Biosciences, San Jose, CA, USA). Subsequently, they were fixed in 10% formaldehyde and stained with FITC-conjugated anti-IFN-γ mAb (45.15; Beckman Coulter, Fullerton, CA, USA) with 0.25% saponin for 30 min at room temperature. CMVpp65 antigen was detected by anti-CMVpp65 mAb (Virusys, Inc., Taneytown, MD, USA). The cells were fixed with 10% formaldehyde for 30 min at 4°C, and were washed 2 times. The cells were reacted with 5 *µ*g/ml of mouse anti-CMVpp65 mAb (Virusys, Inc.) including 0.25% saponin, and were subsequently reacted with FITC-conjugated anti-mouse IgG (MBL Co.). Cells were analyzed on a FACSCanto II (BD Biosciences) with the aid of Flow Jo software (Tree Star, Inc., Ashland, OR, USA).

Reagents
--------

CDDP (Randa) was obtained from Nippon Kayaku Co., Ltd. (Tokyo, Japan). 5-FU was obtained from Kyowa Hakko Kirin Co., Ltd. (Tokyo, Japan). Premix WST-1 Cell Proliferation Assay System was purchased from Takara Bio Inc. (Otsu, Japan).

Cells and culture media
-----------------------

Peripheral blood mononuclear cells (PBMCs) were isolated by centrifugation on a Ficoll density gradient. Blood samples were collected after obtaining written informed consent, and the study was approved by the Institutional Review Board of Aichi Medical University. Primary T-cell lines were induced in RPMI-1640 (Sigma-Aldrich, St. Louis, MO, USA) supplemented with 25 mM HEPES, 10% autologous plasma, gentacine, and 2 mM L-glutamine (referred to as T-cell medium). Epstein-Barr virus-transformed B cells (B-LCL) were established by infecting an aliquot of PBMCs with B95-8 supernatant. Human OSCC cell lines (HSC-2, HSC-3, and HSC-4) were obtained from the Japanese Collection of Research Bioresource Cell Bank. Cells were maintained in DMEM (Gibco, Paisley, UK) supplemented with 10% fetal bovine serum (FBS) (HyClone Laboratories, Inc. South Logan, UT, USA) and 1% penicillin-streptomycin (Gibco, Grand Island, NY, USA) at 37°C in 5% CO~2~ humidified air. Adherent cells were dissociated from a 25 cm^2^ flask by using trypsin and seeded in 96-well plates for the experiments.

Preparation of CMVpp65-CTLs
---------------------------

CMVpp65-CTLs were prepared by mixed lymphocyte peptide cultures (MLPCs) followed by the CD137-guided CTL isolation method ([@b29-ijo-51-05-1471]). MLPCs were performed as follows: 0.1 *µ*M HLA-A\*24:02- or HLA-A\*02:01-restricted synthetic CMV pp65 T-cell epitope peptides \[QYDPVAALF aa 341-349 ([@b30-ijo-51-05-1471]) or NLVPMVATV aa 495-503 ([@b31-ijo-51-05-1471])\], respectively, (MBL Co.) were directly added to PBMCs suspended in 1 ml T lymphocyte medium at a cell concentration of 2.0×10^6^/ml, and the cultures were maintained in 15 ml round bottom tubes at 37°C and 5% CO~2~ for 2 days. On day 2, 1 ml of T lymphocyte medium supplemented with 100 IU/ml of IL-2 was added. Starting on day 7, half of the medium supernatant was removed and an equal volume of ALyS505N medium (Cell Science & Technology Institute, Inc., Sendai, Japan) supplemented with 100 IU/ml of IL-2 was added. Until day 14, the cells were cultured with appropriate medium (ALyS505N with 100 IU/ml of IL-2). Then, a CD137-guided CTL isolation was performed. CMV-CTLs prepared by MLPCs were re-stimulated for 2 days by the cognate peptide-pulsed autologous B-LCLs, and isolated by the anti-human CD137 MicroBeads kit (Miltenyi Biotec Inc., Bergisch Gladbach, Germany). The isolated cells were propagated for 7 days in ALyS505N medium supplemented with 100 IU/ml of IL-2. Cultures were fed by changing half of the supernatant twice a week. Viable cell counts were determined using the trypan blue assay.

Effect of FP treatment on CMVpp65-CTL induction
-----------------------------------------------

PBMC from a healthy volunteer who was HLA-A\*24:02 positive were suspended in T-cell medium at a cell concentration of 10^6^/ml, and 1 ml cell suspensions were dispensed into 15 ml round-bottom tubes in duplicate, and CDDP and 5-FU were added to each of the duplicate tubes at final concentrations of 12.5 *µ*M or 50 *µ*M, respectively, for CDDP and 5 *µ*M for 5-FU, and the cells were cultured at 37°C in 5% CO~2~. CDDP concentrations were reduced by half every day until day 5, while the 5-FU concentration was maintained at 5 *µ*M, in order to simulate the changing drug concentration in the plasma of patients during FP treatment ([Fig. 1](#f1-ijo-51-05-1471){ref-type="fig"}). On day 7, the drugs were washed out by washing the cells 3 times. HLA-A\*24:02-restricted CMVpp65 T-cell epitope peptide QYDPVAALF (MBL Co.) was added on day 3 at a final concentration of 0.1 *µ*M, and 2 days after addition of the peptide, IL-2 was added at a final concentration of 50 IU/ml, and the cells were cultured for 5 days. Then, half of the medium supernatants were removed and equal volumes of ALyS505N medium (Cell Science & Technology Institute, Inc.) supplemented with 100 IU/ml of IL-2 were added. The cells were cultured until day 23 in the appropriate medium (ALyS505N with 100 IU/ml of IL-2). Viable cell counts were determined using the trypan blue assay.

Construction of CMVpp65 antigen-expressing lenti-viral vector and infection
---------------------------------------------------------------------------

Lentiviral vectors encoding full-length human CMVpp65 antigen fused with the fluorescent protein, Tomato, in the c-terminus (pLVSIN-CMV Neo_pp65-TMT), and the MOCK vector encoding Tomato (pLVSIN-CMV Neo_TMT) were constructed by recombination of each of the synthesized cDNAs with the lentiviral vector, pLVSIN-CMV Neo (Takara Bio Inc.). pLVSIN-CMV Neo_pp65-TMT or pLVSIN-CMV Neo_TM) were co-transfected with Lentiviral High Titer Packaging Mix (Takara Bio Inc.) into 293T/17 cells (ATCC, Manassas, VA, USA). Forty-eight hours after the co-transfection, the culture supernatant, including virus particles, was used for infection of OSCC cell lines with the lentivirus. The infected OSCC cells were cultured in DMEM supplemented with 250 *µ*g/ml of G418, and the Tomato-expressing cells were isolated by FACSAria III (Becton Dickinson). CMVpp65 expression by the infected cells was analyzed by flow cytometry using anti-CMVpp65 mAb.

Establishment of CDDP-resistant subline from the HSC-3
------------------------------------------------------

A CDDP-resistant subline was raised over 3 months by continuous exposure to 1.25 *µ*M concentration of CDDP, and cultured in DMEM medium. Subsequently, the CDDP resistance of the surviving cells was increased over 3 months by continuous exposure to 2.5 *µ*M concentration of CDDP. The resistant subline was then considered established and was named HSC-3/CDDP-R1.

Drug sensitivity and sensitivity to CTL-mediated killing of OSCC cell lines
---------------------------------------------------------------------------

Two days after OSCC cells were seeded in 96-well plates at 20,000 cells per well, serial concentrations of drugs and serial numbers of CMVpp65-CTLs were added in triplicate and cultured for 4-7 days. Then, each well was washed with 150 *µ*l of PBS 3 times to remove the dead cells and the CTL cells, and the cell viability assay was performed by incubating with WST-1, a highly water-soluble disulfonated tetrazolium salt, 4-\[3-(2-methoxy-4-nitrophenyl)-2-(4-nitrophenyl)-2H-5-tetra-zolio\]-l,3-benzene disulfonate sodium salt ([@b32-ijo-51-05-1471]). The absorbance (OD) was measured with a micro-plate reader (SpectraMAX M5 spectrophotometer, Molecular Devices, Sunnyvale, CA, USA) at a wavelength of 450 nm. Cell viability was calculated according to the following formula: % viability = 100 × (E − S)/(M − S), where E is the absorbance of experimental well, M is the absorbance in the absence of CTL and/or drugs (cells were incubated with medium alone), and S is that of medium alone. An average of triplicate measurements is shown.

Results
=======

Effect of FP treatment on CTL induction
---------------------------------------

The CMVpp65 tetramer positivity in each well of duplicate cultures of PBMC stimulated with the epitope peptide in the absence of the drugs on day 23 was increased to 12.6 and 13.4%, respectively, from 0.004% on day 0, whereas the cultures stimulated with 5-FU (5 *µ*M) were 7.3 and 16.2%, respectively. The cultures stimulated with FP treatment \[5-FU (5 *µ*M)+CDDP (12.5 *µ*M)\] were 2.2 and 3.9%, respectively (average, 3.05%) ([Fig. 2A](#f2-ijo-51-05-1471){ref-type="fig"}). Since the numbers of cells were extremely reduced, cultures treated with FP at a high concentration of CDDP \[5-FU (5 *µ*M)+CDDP (50 *µ*M)\] could not be measured. The total cell numbers and tetramer-positive cell numbers in each well of duplicate culture of PBMC stimulated with the epitope peptide on day 23 in the absence of the drugs were increased to 28.5×10^5^ and 37.8×10^5^ (growth rate; 3.32-fold) and 35.9×10^4^ and 50.7×10^4^ (growth rate; 10,825-fold), respectively, from 10.0×10^5^ and 0.4×10^2^ on day 0, respectively. Cultures that were treated with a single treatment of 5-FU (5 *µ*M) were increased to 24.6×10^5^ and 33.0×10^5^ (growth rate; 2.28-fold) and 1.8×10^5^ and 5.3×10^5^ (growth rate; 8,925-fold), respectively, and in cultures receiving FP treatment of 5-FU \[5 *µ*M)+CDDP (12.5 *µ*M)\], the total cell numbers in each well were increased to 2.5×10^5^ and 3.0×10^5^ (growth rate; 0.28-fold), respectively, and the tetramer-positive cell numbers in each well were increased to 0.6×10^4^ and 1.2×10^4^ (growth rate; 215-fold), respectively ([Fig. 2B](#f2-ijo-51-05-1471){ref-type="fig"}). Summing up these observations, although the effect on CMVpp65-CTL induction in the 5-FU (5 *µ*M) single-treatment cultures was minimal, there was a partial effect in the FP-treated cultures that was especially remarkable at a high concentration of CDDP \[5-FU (5 *µ*M)+CDDP (50 *µ*M)\].

The immune response of the induced CMVpp65-CTL in the presence of drugs to the cognate epitope peptide was evaluated by an intracellular IFN-γ assay ([Fig. 2C](#f2-ijo-51-05-1471){ref-type="fig"}). IFN-γ production was preferentially shown in the tetramer-positive cells in every well, and the mean fluorescence intensity of IFN-γ was almost equal between wells receiving non-treatment, 5-FU single-treatment and FP treatment. This observation indicates that the IFN-γ production per cell was not inhibited by these drugs. Thus, these drug treatments did not affect the specific response of CMVpp65-CTL.

Expression of HLA class I molecules and CMVpp65 antigen in OSCC cells
---------------------------------------------------------------------

Flow cytometric analysis showed that HLA-A24 was expressed on all of the OSCC cells, HSC-2, HSC-3 and HSC-4, that were used in this study; and HLA-A2 was expressed on HSC-3, but not on HSC-2 and HSC-4. CMVpp65 was specifically expressed in CMVpp65-transfected OSCC cells but not in the MOCK cells ([Fig. 3](#f3-ijo-51-05-1471){ref-type="fig"}).

Preparation of CMV-CTLs
-----------------------

We successfully prepared highly purified HLA-A24-restricted CMV-CTLs (A24-CMV-CTLs) from donor 1 and HLA-A2-restricted CMV-CTLs (A2-CMV-CTLs) from donor 2 with 90.2 and 97.1% MHC-tetramer positivity, respectively. These CMV-CTLs showed specific full cytotoxic activity toward pp65-expressing OSCC cells in an HLA-type-restricted manner. The cytotoxicity was shown even at a very low E/T ratio (1/128) ([Fig. 4](#f4-ijo-51-05-1471){ref-type="fig"}).

Effect of 5-FU and/or CDDP on cytotoxicity of CMVpp65-CTLs toward OSCC cells
----------------------------------------------------------------------------

HLA subtypes are different between these cell lines. HSC-3 is HLA-A24^+^/HLA-A2^+^, HSC-2 and HSC-4 are HLA-A24^+^/HLA-A2^−^. Synergistic effects of 5-FU and/or CDDP to antigen-specific cytotoxicity of CTL in a HLA-subtype-restricted manner can be exactly investigated by using target cell lines that have different HLA subtypes.

The sensitivity of OSCC cells to CMVpp65-CTL was measured at serial E/T ratios in combination with serial concentrations of 5-FU and/or CDDP in order to evaluate the effect of 5-FU and/or CDDP on the cytotoxicity of CMVpp65-CTLs using the WST-1 assay. When CMVpp65-CTLs were co-cultured with the HLA-type-matched CMVpp65-expressing OSCC cells, a remarkable reduction of the cell viability was observed in an E/T ratio-dependent manner at all drug concentrations (panels a, b and c in [Figs. 5A](#f5-ijo-51-05-1471){ref-type="fig"} and [6A](#f6-ijo-51-05-1471){ref-type="fig"}, panels b in [Figs. 5B](#f5-ijo-51-05-1471){ref-type="fig"} and [6B](#f6-ijo-51-05-1471){ref-type="fig"}), and the \'E/T 50\' (E/T ratio indicating 50% cell viability) was shifted to a low ratio in a drug concentration-dependent manner (panels b and c in [Fig. 5A](#f5-ijo-51-05-1471){ref-type="fig"}; panels a, b and c in [Fig. 6A](#f6-ijo-51-05-1471){ref-type="fig"}; panel b in [Figs. 5B](#f5-ijo-51-05-1471){ref-type="fig"} and [6B](#f6-ijo-51-05-1471){ref-type="fig"}). Conversely, a remarkable reduction of the cell viability was also observed in a drug concentration-dependent manner at all E/T ratios, and the IC~50~ of these drugs was shifted to a low value in an E/T ratio-dependent manner (panels a, b and c in [Fig. 7](#f7-ijo-51-05-1471){ref-type="fig"}, panels a and b in [Fig. 8](#f8-ijo-51-05-1471){ref-type="fig"}). These results indicate that neither 5-FU nor CDDP affected the cytotoxicity of CTL, but that CTL treatment in combination with 5-FU and/or CDDP generated a synergistic killing effect. Especially, 5-FU clearly sensitized HSC-3pp65 and HSC-4pp65 to CTL cytotoxicity. The cell viability was drastically reduced by CTLpp65-CTL cytotoxicity even at a low E/T ratio in combination with 5-FU (panels b and c in [Fig. 5A](#f5-ijo-51-05-1471){ref-type="fig"}; panel b in [Fig. 5B](#f5-ijo-51-05-1471){ref-type="fig"}).

It is of interest to note that a slight reduction in cell viability was shown in an E/T ratio-dependent manner when MOCK OSCC cells, which do not express CMVpp65 antigen, were co-cultured with CMVpp65-CTLs in the presence of serial concentrations of the drugs. CMVpp65-CTLs did not reduce the cell viability without the presence of any drugs, even at a high E/T ratio (1/10). For example, when the HSC-3MOCK or HSC-4MOCK cells were co-cultured with CMVpp65-CTLs, a significant reduction of cell viability was noted in an E/T ratio-dependent manner in the presence of 2.5 *µ*M or 5.0 *µ*M of 5-FU, although CMVpp65-CTLs did not reduce the viability of HSC-3MOCK or HSC-4MOCK cells without the presence of any drugs (panels e and f in [Fig. 5A and B](#f5-ijo-51-05-1471){ref-type="fig"}). Moreover, HLA-A2-restricted CMVpp65-CTLs reduced the viability of both the HLA-type-mismatched HSC-4pp65 and HSC-4MOCK cells in an E/T ratio-dependent manner in the presence of 2.5 or 5.0 *µ*M of 5-FU, although the viability was not reduced without the presence of any drugs (panel c and f in [Fig. 5B](#f5-ijo-51-05-1471){ref-type="fig"}). These observations suggest that 5-FU sensitizes the HSC-3 and HSC-4 cells to the cytotoxicity of CMVpp65-CTLs in an antigen-non-specific as well as antigen-specific manner.

Susceptibility to 5-FU is different between these cell lines. HSC-2 cells were judged resistant to 5-FU because the cell viability was barely reduced even at a high 5-FU concentration (10.0 *µ*M). The susceptibility of HSC-2 to 5-FU is lower than those of HSC-3 and HSC-4, which may suggest one reason why the susceptibility of HSC-2 to CTL cytotoxicity is not enhanced by 5-FU in comparison with HSC-3 and HSC-4. We suggest that 5-FU did not sensitize the 5-FU resistant cells to the cytotoxicity of CMVpp65-CTLs (panels a and d in [Fig. 5A and B](#f5-ijo-51-05-1471){ref-type="fig"}; panels a and d in [Fig. 7A and B](#f7-ijo-51-05-1471){ref-type="fig"}).

Cytotoxicity of CMVpp65-CTLs toward CDDP-resistant HSC-3 cells
--------------------------------------------------------------

The IC~50~ of CDDP to the parental HSC-3 and the CDDP-resistant HSC-3 cells, which were established in this study, were 5 and 20 *µ*M, respectively, while the E/T50 of CMVpp65-CTLs toward the CMVpp65 T-cell epitope peptide-pulsed cells were both 1/10 ([Fig. 9](#f9-ijo-51-05-1471){ref-type="fig"}). Thus, it may be possible that the CTL treatment could also be effective in CDDP-resistant cases.

Discussion
==========

Although chemoimmunotherapies are expected to improve the therapeutic effects of cancer treatment, the direct effect of chemical drugs on the functions of antigen-specific CTLs has not been clarified. Since most chemical drugs arrest the cell cycle, it is of concern that the immune responses of T-cells to tumor antigens may be inhibited during chemo-immunotherapy. We have studied the effects of FP treatment on the antigen-specific T-cell immune responses and functions using CMVpp65-CTLs in order to evaluate a potential immunotherapy in combination with FP treatment of HNC. CMVpp65-CTLs were used in this study because they are easier to handle in *in vitro* experiments than tumor-specific CTLs because, in general, the frequency of memory T-cells to CMVpp65 antigen in PBMC in healthy donors is very high ([@b30-ijo-51-05-1471]). Moreover, CMVpp65-CTLs can be efficiently induced and proliferated by a simple technique using stimulation with CMVpp65 antigen T-cell epitope peptide. Therefore, antigen-specific T-cell responses and proliferation can be easily monitored in the culture by an intracellular IFN-γ assay and an MHC-tetramer assay. Since a highly purified CMV-CTL line can be prepared by our CD137-guided isolation method ([Fig. 4](#f4-ijo-51-05-1471){ref-type="fig"}), antigen-specific cytotoxic activity can be evaluated exactly. In addition, although the affinity of the T-cell receptor for tumor antigen is considered to be lower than that for CMVpp65 antigen, the recognition and killing mechanisms of CMVpp65-CTLs are the same as those of tumor antigen-specific CTLs. Thus, an experimental study using CMVpp65-CTLs is very useful for evaluation of drug effects on T-cell responses and functions.

First, the effects of CDDP and 5-FU on CMV-CTL induction were investigated *in vitro* in culture conditions in which the concentrations of the drugs were changed over time in order to simulate *in vivo* drug concentrations ([Fig. 1](#f1-ijo-51-05-1471){ref-type="fig"}). Inhibition of CMVpp65-CTL proliferation *in vitro* was limited in the presence of only 5-FU; in contrast, the proliferation was inhibited by the FP treatment, especially at a high concentration of CDDP ([Fig. 2](#f2-ijo-51-05-1471){ref-type="fig"}). However, the proliferation was not inhibited completely, and the IFN-γ release response of the CMV-CTLs, which were induced in the presence of 5-FU and/or CDDP, was not inhibited at all. We suggest that 5-FU is adequate as a combination partner in immunotherapy, and that CDDP must be used at a low concentration when FP treatment is used in combination with immunotherapy, such as in a vaccine.

Second, we investigated the effects of 5-FU and CDDP on CMVpp65-CTL cytotoxicity using the CMVpp65 antigen-transfected OSCC cell lines, HSC-2pp65, HSC-3pp65 and HSC-4pp65 as the targets. The drugs did not affect the cytotoxicity against any of the three target cells. It is important to note that a synergistic killing effect of CMVpp65-CTLs with 5-FU and/or CDDP was observed even at a very low E/T ratio (less than 1/100). Especially, the IC~50~ value of 5-FU against HSC-3pp65 was drastically reduced in the presence of CMVpp65-CTLs even at the low E/T ratio of 1/160 (panels b and c in [Fig. 7A](#f7-ijo-51-05-1471){ref-type="fig"}, panel b in [Fig. 7B](#f7-ijo-51-05-1471){ref-type="fig"}). Also noteworthy, a slight reduction of the IC~50~ of 5-FU against HSC-3MOCK was also observed in the presence of CMVpp65-CTLs (panels e and f in [Fig. 7A and B](#f7-ijo-51-05-1471){ref-type="fig"}). These observations were shown in both of the two CMVpp65-CTL lines used in this study. It is possible that 5-FU sensitized the target cells for CMVpp65-CTLs not only in an antigen-specific manner but also in a non-specific manner. It has been reported previously that CDDP and 5-FU have not only direct killing ability toward cancer cells but that they also can enhance the susceptibility of cancer cells to CTL by modulation of related molecules involved in apoptosis, sensitization to CTLs, and activation of DCs. Although upregulation of tumor antigen, Fas and MHC class I expression have been suggested as potential mechanisms for target cell sensitization by 5-FU ([@b15-ijo-51-05-1471],[@b18-ijo-51-05-1471]), upregulation of such molecules was not observed in our experiments (data not shown). Other mechanisms are being considered as related to the sensitization. 5-FU did not sensitize HSC-2 which is indicated as being 5-FU-resistant (panel a in [Figs. 5A](#f5-ijo-51-05-1471){ref-type="fig"} and [7A](#f7-ijo-51-05-1471){ref-type="fig"}). This observation suggests that molecules, related to the apoptosis-signaling cascade downstream of 5-FU are important for the sensitization. We are now planning to explore the molecules related to the sensitization in a protein array system.

Third, we tested the CMV-CTL killing activity toward CDDP-resistant HSC-3 cells in comparison with the activity toward the parental cells. Both of the CMVpp65-CTL lines showed a high killing activity toward CDDP-resistant HSC-3 cells that was the same as that toward parental HSC-3 cells ([Fig. 9](#f9-ijo-51-05-1471){ref-type="fig"}). Although CDDP has been clinically validated as being effective in a broad spectrum of cancers, the patients frequently acquire resistance and show heavy side effects. Therefore, combination therapy of CDDP with other cancer drugs has been applied as novel therapeutic strategies. Immunotherapy is considered to be an attractive combination with CDDP because the molecular mechanisms of action of CDDP ([@b33-ijo-51-05-1471]) are different from the CTL killing mechanism ([@b34-ijo-51-05-1471]), and the molecules related to CDDP resistance, such as membrane transporters, heat shock proteins, small GTPases, transcription factors, and DNA repair enzymes ([@b35-ijo-51-05-1471]) do not affect the CTL killing activity. Our results suggest, therefore, a possible combination of immunotherapy with CDDP.

Several studies have been published on combinational vaccine therapy with CDDP and/or 5-FU. It was thus demonstrated that adenovirus encoding ovalbumin (Ad5-OVA) together with a low dose of 5-FU had a synergistic impact on survival in tumor-challenged mice. Enhancement of OVA-specific CTLs combined with elimination of tumor bulk were observed ([@b36-ijo-51-05-1471]). It has also been demonstrated in mice that 5-FU combined with thymidine synthase (TS) peptide vaccine prevented the occurrence of tumors formed by inoculation of autologous (TS^+^)EL-4/HHD lymphoma cells ([@b37-ijo-51-05-1471]). Our results may support these observations. In addition, in a clinical study, an increase was demonstrated in the immunological response in cases of personalized peptide vaccination combined with UFT and UZEL in metastatic colorectal cancer patients, and increases in immunological responses were also reported in advanced gastric or colorectal carcinoma patients receiving personalized peptide vaccine in combination with TS-1 ([@b38-ijo-51-05-1471],[@b39-ijo-51-05-1471]). Furthermore, it was reported that a peptide vaccine in combination with 5-FU and CDDP, or with chemo-radiation combined with 5-FU and CDDP effectively induced the peptide-specific CTLs ([@b40-ijo-51-05-1471],[@b41-ijo-51-05-1471]).

Collectively, our results and previous studies indicate that adoptive immunotherapy, conducted in our hospital using T-cells activated by autologous cancer tissue combined with FP treatment, might be possible by optimization of the CDDP concentration. This treatment is expected to have improved clinical effects, although FP treatment with a high dose of CDDP inhibited the induction of antigen-specific-CTLs. In addition, the treatment may be expected to be effective in patients with CDDP-resistant tumors and in those who cannot withstand the strong side effects by CDDP.

Recently, it has been shown that immune checkpoint systems and immunosuppressive cells, such as regulatory T-cells, M2 macrophages and MDSC, play important roles in creating immunosuppressive microenvironments in cancer, which result in tumor progression ([@b24-ijo-51-05-1471]). The immune checkpoint inhibitors, ipilimumab (anti-CTLA4), nivolumab and pembrolizumab (anti-PD-1) have demonstrated excellent clinical effects beyond the conventional chemotherapy or molecular target therapy ([@b38-ijo-51-05-1471],[@b42-ijo-51-05-1471],[@b43-ijo-51-05-1471]). It has also been reported that depletion of Tregs by mogamulizumab (anti-CCR4) enhances cancer immune responses both in an *in vitro* study ([@b44-ijo-51-05-1471]) and in a clinical study ([@b45-ijo-51-05-1471]). Presently, modulation and regulation of immunosuppressive microenvironments in cancer have become major directions for development of cancer therapy. Since chemical drugs are effective not only in direct cytotoxicity but also in modulation of immune microenvironments in cancer, the development of combined therapies with chemical drugs and immunotherapies for many types of advanced cancers have become recent challenging issues. Adoptive immunotherapy developed in our hospital showed clinical effects with long-term survival even in stage IV patients with oral carcinomas, but 75% of the patients were non-responders ([@b25-ijo-51-05-1471]). Immunosuppressive microenvironments in the cancer tissues might be considered as one of the reasons for poor responses. Development of comprehensive combined therapy with FP treatment, including immune checkpoint blockade and/or regulation of immunosuppressive cells, is considered to be necessary for improving the clinical effects of adoptive immunotherapy for HNC.

In conclusion, although the specific proliferation of CMVpp65-CTL by stimulation with CMVpp65 epitope peptide was partially affected by FP treatment, it was not affected by 5-FU, and the cytokine release response to CMVpp65 T-cell epitope peptide was not affected by FP treatment. Moreover, the cytotoxicity of CMVpp65-CTL toward OSCC cell lines overexpressing CMVpp65 antigen was not affected by CDDP and/or 5-FU, and it was identical toward CDDP-resistant cells and parent cells. These observations indicate that immunotherapy combined with FP treatment is effective in advanced HNC including CDDP-resistant cases and in physically weak patients who cannot withstand the strong side effects of CDDP.
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![Comparison of the transitional changes in the drug concentration in the plasma of a patient undergoing FP treatment with those in the cell culture during FP treatment. The red line was traced from kinetics data in the interview form of RANDA. Black bars and light gray bars indicate the CDDP concentrations in the culture during in FP treatment. The bold blue line indicates the 5-FU concentration in the plasma of the FP-treated patient, and the dark gray bars indicate the 5-FU concentration in the culture during FP treatment.](IJO-51-05-1471-g00){#f1-ijo-51-05-1471}

![Induction of CMVpp65-CTLs in the presence of the drugs. (A) HLA-A\*24:02-restricted CMVpp65-CTLs were induced in duplicate from PBMC of a healthy donor by culturing for 23 days under different conditions: incubation in the absence of the drugs and the peptide (a), incubation in the presence of the epitope peptide only (b), incubation with 5 *µ*M 5-FU and the epitope peptide (c) and incubation with 5 *µ*M 5-FU+12.5 *µ*M CDDP and the epitope peptide (d). The cells were stained for CMVpp65 tetramer and CD8 and analyzed by flow cytometry. The viable cell population was determined by FSC and SSC levels, and the data are plotted to show CD8 and HLA-A\*24:02 CMVpp65 tetramer-positivity. Percentages relative to the entire viable cell population of both CD8 and HLA-A\*24:02 CMVpp65 tetramer-positive cells are indicated in each panel. (B) Expansion of the total cell numbers and the tetramer-positive CMVpp65-CTL cell numbers: the total cell numbers and the tetramer-positive CMVpp65-CTL cell numbers on day 0 and 23, respectively, were plotted. HLA-A\*24:02-restricted CMVpp65-CTLs were induced in duplicate as described below. Solid lines and dotted lines indicate expansion of the total cells and the tetramer-positive cells, respectively. Each color signifies the following: blue, no drugs and no peptide; red, epitope peptide only; green, 5 *µ*M 5-FU and the epitope peptide; orange, 5 *µ*M 5-FU+12.5 *µ*M CDDP and the epitope peptide. (C) Intracellular IFN-γ assay of the induced CMVpp65-CTLs: the induced CTLs under different conditions as described in (A): incubation in the presence of the epitope peptide only (a), incubation with 5 *µ*M 5-FU and the epitope peptide (b) and incubation with 5 *µ*M 5-FU+12.5 *µ*M CDDP and the epitope peptide (c), were cultured with the cognate peptide \[pep (+)\] or no peptide \[pep (−)\] in the presence of brefeldin A for 2 h, and stained with HLA-A\*24:02 CMVpp65 tetramer and anti-IFN-γ mAb and analyzed by flow cytometry. Percentages relative to the entire viable cell population of both IFN-γ and HLA-A\*24:02 CMVpp65 tetramer-positive cells are indicated in each panel. MF in the panels indicates mean fluorescence intensity of IFN-γ and HLA-A\*24:02 CMVpp65 tetramer-positive cells.](IJO-51-05-1471-g01){#f2-ijo-51-05-1471}

![Flow cytometric analysis of expression of HLA molecules and CMVpp65 antigen in OSCC cells. (A) HLA expression in OSCC cell lines. The cells were stained with anti-HLA-A24 mAb (orange line histograms), anti-HLA-A2 mAb (blue line histograms) or isotype control mAb (red line filled histograms). (B) CMVpp65 expression in lentivirus-infected OSCC cell lines, The cells were stained with anti-CMVpp65 mAb (blue line histograms) or isotype control mAb (red line filled histograms).](IJO-51-05-1471-g02){#f3-ijo-51-05-1471}

![Purity and specificity of the prepared CMVpp65-CTLs. HLA-A\*24:02-restricted CMVpp65-CTLs (A) and HLA-A\*02:01-restricted CMVpp65-CTLs (B) were prepared from an HLA-A24-positive healthy donor and an HLA-A2-positive healthy donor, respectively, and were evaluated for purity and specificity. The cells were stained for CMVpp65 tetramer and CD8 and analyzed by flow cytometry. The viable cell population was determined by FSC and SSC levels (a and f, respectively) and the data are plotted to show CD8 and HLA-A\*24:02 or HLA-A\*02:01/CMVpp65 tetramer-positivity (b and g, respectively). Percentages relative to the entire viable cell population of both CD8 and HLA-A\*24:02 or HLA-A\*02:01/CMVpp65 tetramer-positive cells are indicated in each panel. The cytotoxicity of the CMVpp65-CTLs were indirectly evaluated by the WST-1 assay. HLA-A\*24:02-restricted CMVpp65-CTLs or HLA-A\*02:01-restricted CMVpp65-CTLs were co-cultured with lentivirus-infected OSCC cell lines as the target cells for 7 days. When the target cells were co-cultured with HLA-A\*24:02-restricted CMVpp65-CTLs, the viability of HSC-2pp65, HSC-3pp65 or HSC-4pp65 (blue lines in c-e, respectively) were reduced in an E/T ratio-dependent manner, but the viability of HSC-2MOCK, HSC-3MOCK or HSC-4MOCK (red lines in c-e, respectively) were not reduced. In contrast, when the target cells were co-cultured with HLA-A\*02:01-restricted CMVpp65-CTLs, the viability of HSC-3pp65 but not HSC-2pp65 and HSC-4pp65 (blue lines in h-j, respectively) were reduced in an E/T ratio-dependent manner, but the viability of HSC-2MOCK, HSC-3MOCK or HSC-4MOCK (red lines in h-j, respectively) were not reduced. Each of the plots at the left side of the images that are not associated with a line shows the E/T ratio of 0.](IJO-51-05-1471-g03){#f4-ijo-51-05-1471}

![Reduction of OSCC cell viability by CMVpp65-CTLs in an E/T ratio-dependent manner in combination with 5-FU. CMVpp65-overexpressed OSCC cells (a, HSC-2pp65; b, HSC-3pp65; c, HSC-4pp65) or the MOCK cells (d, HSC-2MOCK; e, HSC-3MOCK; f, HSC-4MOCK) were co-cultured with HLA-A\*24:02-restricted CMVpp65-CTLs (A) or HLA-A\*02:01-restricted CMVpp65-CTLs (B) for 7 days in the presence of serial concentrations of 5-FU (0, 0.625, 1.25, 2.5, 5, 10 *µ*M, as shown in A-d legend) and the viabilities of the target cells were measured by the WST-1 assay.](IJO-51-05-1471-g04){#f5-ijo-51-05-1471}

![Reduction of OSCC cell viability by CMVpp65-CTLs in an E/T ratio-dependent manner in combination with CDDP. CMVpp65-overexpressed OSCC cells (a, HSC-2pp65; b, HSC-3pp65; c, HSC-4pp65) or the MOCK cells (d, HSC-2MOCK; e, HSC-3MOCK; f, HSC-4MOCK) were co-cultured with HLA-A\*24:02-restricted CMVpp65-CTLs (A) or HLA-A\*02:01-restricted CMVpp65-CTLs (B) for 7 days in the presence of serial concentrations of CDDP (0, 0.3125, 0.625, 1.25, 2.5, 5 *µ*M, as shown in A-d legend) and the viabilities of the target cells were measured by the WST-1 assay.](IJO-51-05-1471-g05){#f6-ijo-51-05-1471}

![Reduction of OSCC cell viability in a 5-FU concentration-dependent manner in combination with serial E/T ratios of CMVpp65-CTLs. CMVpp65-overexpressed OSCC cells (a, HSC-2pp65; b, HSC-3pp65; c, HSC-4pp65) or the MOCK cells (d, HSC-2MOCK; e, HSC-3MOCK; f, HSC-4MOCK) were co-cultured with 5-FU in the presence of serial E/T ratios (0, 1/160, 1/80, 1/40, 1/20, 1/10, as shown in A-d legend) of HLA-A\*24:02-restricted CMVpp65-CTLs (A) or HLA-A\*02:01-restricted CMVpp65-CTLs (B) for 7 days, and the viabilities of the target cells were measured by the WST-1 assay. Each of the left-side plots that are not associated with a line shows 0 *µ*M of 5-FU.](IJO-51-05-1471-g06){#f7-ijo-51-05-1471}

![Reduction of OSCC cell viability by CMVpp65-CTLs in an E/T ratio-dependent manner in combination with CDDP. CMVpp65-overexpressed OSCC cells (a, HSC-2pp65; b, HSC-3pp65; c, HSC-4pp65) or the MOCK cells (d, HSC-2MOCK; e, HSC-3MOCK; f, HSC-4MOCK) were co-cultured with CDDP in the presence of serial E/T ratios (0, 1/160, 1/80, 1/40, 1/20, 1/10, as shown in A-d legend) of HLA-A\*24:02-restricted CMVpp65-CTLs (A) or HLA-A\*02:01-restricted CMVpp65-CTLs (B) for 7 days, and the viabilities of the target cells were measured by the WST-1 assay. Each of the left-side plots that are not associated with a line shows 0 *µ*M of CDDP.](IJO-51-05-1471-g07){#f8-ijo-51-05-1471}

![Sensitivity of HSC-3 and HSC-3/CDDP-R1 to CMVpp65-CTLs. CMVpp65 epitope peptide-pulsed HSC-3 (A) or HSC-3/CDDP (B) were cultured for 4 days in the presence of serial concentrations of CDDP (black line), serial E/T ratios of HLA-A\*24:02-restricted CMVpp65-CTLs (blue line) or HLA-A\*02:01-restricted CMVpp65-CTLs (red line), and the viabilities of the target cells were measured by the WST-1 assay.](IJO-51-05-1471-g08){#f9-ijo-51-05-1471}
